Coelomic fluid (CF) and lysenin from the earthworm Eisenia foetida induced heavy epidermal exfoliation in the larvae of Bufo japonicus formosus at developmental stages from hatching (stage 22) to operculum completion (stage 34). In experiments with Xenopus laevis, we observed that exfoliated cells were not stained by trypan blue. Thus, it appeared that these cells were still alive. It is likely, therefore, that both CF and lysenin might disrupt the adhesion between epidermal cells of larvae prior to stage 34. Since it is known that lysenin exerts its toxic effects through its specific binding to sphingomyelin (SM), SM might be involved in such adhesion. This hypothesis was supported by the observations that CF and lysenin which had been incubated with SM-liposomes lost their exfoliative activity. In larvae after stage 34, the mechanism of adhesion between epidermal cells seemed to change and the adhesion was no longer disrupted by CF and lysenin. In larvae at around stage 34, a collagen layer started to form beneath the basement membrane of the epidermis. Furthermore, larvae at around this stage started to eat solid food. The developing collagen layer and food intake might be related indirectly to the chemical change in epidermal adhesion. The induction of exfoliation by CF and lysenin was also observed in other amphibian species. In Bufo larvae, defecation was induced both by CF and by lysenin but this effect was independent of exfoliation.
Lysenin is a novel bioactive 33-kDa protein which we isolated from the coelomic fluid (CF) of the earthworm Eisenia foetida and it does not contain any amino acid sequences homologous to those of proteins in standard databases (13, 23, 24) . This protein binds specifically to sphingomyelin (SM) among the various phospholipids found in the cell membrane (29) . Lysenin is different from other bioactive proteins, such as fetidins (17, 18) , eiseniapore (15, 16) , CCF-1 (2) and hemolysins H 1 , H 2 and H 3 (5) , which have also been isolated from the CF of Eisenia foetida, in terms of both chemical structure and biological activity (3, 4, 11, 14, 25) . The presence of lysenin has not been reported in other animal species. We have been studying the pharmacological effects of CF and lysenin (11, 21, 22) . In previous papers (12, 23) , we reported that, in general, CF and lysenin exert their lethal effects mainly through hemolysis in vertebrates but are inactive in invertebrates. During our studies of CF and lysenin (11), we noticed that both materials induced exfoliation of the epidermal cells and defecation in amphibian larvae. We postulated that CF and lysenin might be useful tools for studies of the mechanisms of adhesion of epidermal cells, which play an important role in morphogenesis during the early development of amphibian larvae (6) . Results of our matoxylin and eosin. Defecation by Bufo larvae was observed for 3.5 h. Sphingomyelin-liposomes (SMliposomes), namely, multilamellar liposome vesicles containing 1 mM SM and 1 mM cholesterol that had been mixed in phosphate-buffered saline (PBS) at a ratio of 1 : 1, were prepared as described previously (19) . Experiments were conducted with permission and according to the rules of the Animal Care and Use Committee of the Research Laboratory of Zenyaku Kogyo Co., Ltd.
RESULTS

Induction of the exfoliation of ectoderm and epiderm in amphibian embryos and larvae by CF
Doses of CF that induced exfoliation in Bufo larvae
Experiments were performed in the spring of the year 2000. Three Bufo larvae at the middle to late gill-bud stage (Table 1 ; stages 26 to 27) were immersed in small individual containers that contained 1 mL of CF at concentrations of 0.01, 0.025, 0.05, 0.1, 0.2, 0.3, 0.5, 1.0, 1.2, 2.0 and 3.0% (v/v), respectively, at 22°C. Exfoliation was not induced by 0.01% CF. Weak exfoliation of epidermal cells started within 10 min in all three larvae in CF at a concentration of 0.025%, which was the minimum effective dose. In CF at concentrations above 0.5%, most epidermal cells of all the experimental larvae were sloughed off within 2 min and the surface of the body and, in particular, the ventral and lateral surfaces, became white 10 min later, since the basement membrane of the epidermis that covered the yolk mass was exposed (Figs. 1 and 4). The larvae died within 1 h. We used 1% CF in most of the experiments described below. (Table 1) .
Exfoliative responses of ectoderm and epidermis to CF in
Most experiments were performed with CF at a concentration of 1% at 15-19°C . Five blastulae at the eight-cell stage (stage 4) ceased cleavage in 1% CF. In five embryos at respective stages from the morula stage (stage 7) to the middle blastula stage (stage 9), the surface blastomeres of the embryos preliminary experiments are presented here.
MATERIALS AND METHODS
Eggs of the toad Bufo japonicus formosus, the frog Rana japonica, and the salamander Hynobius tokyoensis were collected from ponds or streams in the vicinity of Tokyo. The salamander H. lichenatus was collected from mountain streams in Gunma Prefecture, north of Tokyo. Larvae of the newt Triturus vulgaris and the African clawed toad Xenopus laevis were kindly provided by Professors M. Asashima (University of Tokyo, Tokyo) and N. Ohshima (Toho University, Chiba), respectively, from their laboratory stocks. Larvae were cultured in containers of boiled tap water in the laboratory. Boiled spinach was provided when the toad and frog larvae started to ingest solid food. Larvae of the newt and the salamanders were supplied with minced freshwater oligochaete (Tubifex hattai) instead of spinach. In most experiments, we used Bufo larvae. In experiments with trypan blue, we used Xenopus larvae since their skin is transparent and allowed us to assess whether or not detached epidermal cells had been stained with trypan blue. Numbers of animals in each group in the following experiments were lower than ten in each case. Before experiments, the jelly around the vitelline membrane was removed from all the embryos and larvae as completely as possible by rolling them on filter paper with a pair of forceps. The Bufo larvae were staged according to Iwasawa's system (8) ( Table 1) . In other species, developmental stages are indicated in terms of the morphology that is characteristic of each respective stage.
Coelomic fluid (CF) and lysenin were prepared from the earthworm Eisenia foetida in our laboratory, as described previously (23, 24) . In most experiments, CF, in which the concentration of lysenin was 290 μg/mL (23), was used because of the limited amount of lysenin available to us. CF was diluted with boiled tap water and lyophilized lysenin was dissolved in boiled tap water, unless otherwise stated. Exfoliation of epidermal cells was observed, in most case, until experimental embryos or larvae died. In most experiments, experimental and control animals were fixed in 10% formalin for histological observations. Dehydrated samples were embedded in paraffin after immersion in xylene or directly in methacrylate resin (Technovit 7100; Kulzer, Wehrheim, Germany). The embedded specimens were sectioned at a thickness of 2 to 8 μm with a microtome. The sections were stained with Mayer's he- that were in contact with the vitelline membrane disintegrated in response to CF (1%; Figs. 2A and 2B). In five untreated embryos at the early to middle blastopore stage (stages 12 to 13), the epidermis was approximately two cells thick. The arrangement of cells in this layer was disturbed by 1% CF in all five embryos. In five untreated embryos at stages 14 to 15, mesoderm was formed and epidermal cells developed in two or three layers (Fig. 2C) . CF (1%) disturbed the arrangement of these cells in five experimental embryos; cells became swollen and the organized epidermis disintegrated. However, the vitelline membrane remained in close contact with the disintegrating and damaged cells of the epidermis (Fig. 2D) . Therefore, the epidermal cells were not sloughed off into the fluid in the container. Epidermal cells and, in particular, the epidermal cells around the yolk plug, became white and the embry- os died within 1 h. In seven embryos at the neuralplate stage (stages 16 to 17), some epidermal cells were damaged by 1% CF and became detached from the body; they could be observed between the vitelline membrane and the embryo. In six untreated embryos at the late neural-plate to early neural-tube stages (stages 18 to 19), ciliary movement of epidermal cells became apparent. In six larvae in 1% CF, some detached cells were seen moving around within the vitelline membrane. In six untreated larvae at stages 20 to 21, the space between the vitelline membrane and the embryos increased. In six larvae in 1.2% CF, some epidermal cells that had been damaged and become detached from the body were moving around within this space as a result of ciliary currents and others were deposited at sites inside the vitelline membrane (Fig. 3 ).
All the embryos and larvae used in the above experiments were covered by a vitelline membrane. Therefore, we postulated that exfoliation of epidermal cells from the body might be mechanically affected by the vitelline membrane. It is also possible that the vitelline membrane prevented entry of CF beyond the membrane, thereby minimizing the effects of CF on the epidermal cells. Thus, the exfoliation might have been mild, as compared with that induced by CF in larvae without a vitelline membrane (see below). Moreover, it should be noted that the vitelline membrane was not disrupted by CF (Figs. 2B, 2D and 3).
Most of untreated embryos in containers hatched at stage 22. All of seven larvae at each stage, from stage 23 to stage 30, without a vitelline membrane, responded to 1% CF at 20°C by immediate and heavy exfoliation of epidermal cells, as compared with the mild exfoliation of embryos before hatching. The exfoliated epidermal cells were enmeshed in mucus and were clearly visible (Figs. 1 and 4). The body surface became white, as a result of exposure of the basement membrane that covered the yolk. The external gills of larvae became shrunken in 1% CF (Fig. 4) . Seven larvae at stages 31-32 all exhibited similar exfoliation (Fig. 5 ). All these larvae died within 10 h of the start of exposure to CF.
Epidermal exfoliation was no longer induced by CF (1% and 3%) when ten experimental larvae each were tested at later stages (stages 34-41), although CF at these concentrations damaged the epidermal cells of the body and the tail to some extent. The damaged cells stuck together and did not slough off. These cells gave a rough appearance to the surface of the skin (Fig. 6 ). It appeared that the mechanism of adhesion between epidermal cells might have changed chemically around stage 34 (Table 1 ). In the case of all these larvae in CF, the bodies became slender and tails became shrunken and larvae died within 8.5 h.
Exfoliation of the larval epidermis of Rana, Triturus and Hynobius in response to CF
In Rana japonica, six larvae at each stage examined (Table 1) responded to 1% CF by exfoliation, resembling those of Bufo. The period of heavy exfoliation in response to CF extended from stage 20 to stage 34 at 20°C, just as in Bufo (Table 1 ).
In the case of Triturus vulgaris, seven larvae from the fore-limb elevation stage to the second-toe stage sloughed off epidermal cells in response to 1% CF at 21°C. They died within 10 min. Five larvae at the fore-limb bud stage with the third-toe, just before the hind-limb bud stage, did not respond to 1% CF by exfoliation, but gills shrank similarly to those of Bufo larvae. All these larvae died within 20 min.
In the case of Hynobius tokyoensis, exfoliation of epidermal cells was induced in five larvae each at the early and late fore-limb bud stages in 1% CF at 18°C. The larvae died within approximately 80 min. Five larvae at the early hind-limb bud stage did not respond by exfoliation of epidermal cells, but the cells of body and tail surfaces were damaged and these surfaces became rough. The gills of all the experimental larvae shrank and gill lamellae became much more transparent than those of five control animals because of the absence of erythrocytes. Blood circulation through the gills might be impeded in CF-treated larvae. These larvae died within approximately 90 min.
Six larvae of Hynobius lichenatus at the early stage of finger differentiation did not slough off any epidermal cells, but gill lamellae became transparent in 1.2% CF, while the gill lamellae of six control larvae remained reddish in color. The body surface of larvae in 1.2% CF became rough because of damage to epidermal cells by CF. These larvae might have been at a developmental stage beyond the heavy-exfoliation period but they died within 1 h in 1.2% CF at 17°C.
Exfoliation of the epidermal cells of amphibian larvae in response to lysenin
Three Bufo larvae, from the same batch of eggs and at the same developmental stages (middle to late gill-bud stages; stages 26 to 27) as those used in the dose-response experiments with CF, were immersed in solutions of lysenin at concentrations of lysenin of 0.1, 1.25, 2.5, 5, 10, 20 and 40 μg/mL, respectively, at 23°C. The minimum effective dose for induction of exfoliation was 1.25 μg/mL. At this concentration, lysenin induced mild exfoliation which occurred approximately 9 min after immersion. These larvae died within 3 h. Lysenin at concentrations above 1.25 μg/mL induced heavy exfoliation within several minutes after the immersion of larvae. The larvae died within 3 h in solutions of lysenin that induced exfoliation. Three larvae each at gill-bud stages (stages 25 to 27) and at the gillformation stage (stage 28) lost large numbers of epidermal cells from their bodies and tails in response to 40 μg/mL lysenin (Fig. 7) and they died within 2.5 h of immersion. Three control larvae did not show any exfoliation. Exfoliation was not induced in five Bufo larvae at operculum-formation stages (stages 31 to 34) by 10 μg/mL lysenin, but gill lamellae became shrunken and the body surfaces became rough at 20°C. These larvae did not die. However, lysenin at 40 μg/mL caused the exfoliation of the epidermal cells of five Bufo larvae at stage 31. The gills shrank and death occurred within 4 h. No visible changes were observed in control larvae.
Lysenin (4 μg/mL) had no visible effects on the skin of five larvae of H. tokyoensis at the middle of the hind limb-bud stage at 18°C. Lysenin at 8 μg/ mL rendered gills translucent and shortened in five larvae, while gills of five control larvae were reddish as a result of the presence of erythrocytes. These larvae survived the effects of lysenin. In five larvae of H. lichenatus at the early finger-differentiation stage, the gills were shrunken by lysenin at 19 μg/mL at 20 °C. No visible exfoliation was induced but the body surface changed from smooth to rough and larvae died within 60 min of immersion. In these experiments with Hynobius, it is likely that the larvae were exposed to lysenin after their exfoliation-sensitive period. No visible change was observed in control Hynobius larvae.
Formation of dermal collagen layer and food intake with respect to the exfoliation induced by CF and lysenin in Bufo larvae
Control larvae at around stage 28 began to develop a collagen layer beneath the basement membrane of the epidermis (Fig. 8) . Since this collagen layer grew thicker in larvae at later stages (stages 28-41, Fig. 6 ), the formation of the collagen layer might be related indirectly to the failure of CF and lysenin to induce exfoliation of epidermal cells in larvae after stage 34.
As indicated in Table 1 , no exfoliation of epidermal cells was induced in larvae after stage 34. Larvae first began to eat solid food at around stage 33 (Table 1) . It is likely that probable metabolic changes associated with the first intake of food might be related indirectly to the failure of CF and lysenin to induce exfoliation of epidermal cells beyond stage 34.
Stainability by trypan blue of exfoliated cells from larvae of Xenopus laevis
In six Xenopus larvae at the late tail-bud stage, heavy exfoliation was induced by lysenin at 10 μg/ mL in boiled water at 22°C. In a solution of lysenin (10 μg/mL) prepared with modified Barths' solution (1) that contained trypan blue at 0.2%, six larvae at the late tail-bud stage sloughed off epidermal cells that were unstained within 2 min (Fig. 9) . The cells remained unstained for about 10 min, when observations were stopped. This result indicates that epidermal cells might have been exfoliated without first being killed. It also suggests that lysenin might have disrupted the mechanism that controls adhesion between epidermal cells.
Epidermal exfoliation by CF and lysenin after incubation with sphingomyelin-liposomes (SM-liposomes) in Bufo larvae
Effects of CF after incubation with SM-liposomes
We mixed pooled CF, in which the concentration of lysenin was approximately 9.2 μM (290 μg/mL) as determined in an assay with rat aorta (23), with 1 mM SM-liposomes in PBS at a molar ratio of 1 : 50 and incubated the mixture at 37°C for 1 h. Then we added boiled tap water to this mixture to make a 1% solution of CF (experimental solution).
We divided 12 Bufo larvae at the middle tail-bud stage (stage 23) into three groups of four larvae each: group 1 was immersed in 1% CF; group 2 was immersed in CF (1%) that had been incubated with SM-liposomes (experimental solution); and group 3 was immersed in an experimental solution prepared without CF. The experiment was performed at approximately 25°C and observations were continued for 2 h. Larvae in group 1 exhibited strong exfoliation of their epidermal cells soon after immersion in CF. Larvae in group 2 did not slough off any epidermal cells for the first 30 min. However, within 80 min, one larva in group 2 started to exfoliate, resembling those in group 1. Larvae in group 3 did not exfoliate and their skin remained smooth. Thus, CF that had been incubated with SM-liposomes did not induce exfoliation except in one larva, in which exfoliation was induced after a delay of 80 min.
Effects of lysenin after incubation with SM-liposomes
We mixed lysenin (6.3 μM; 200 μg/mL) in PBS with 1 mM SM-liposomes in PBS at a molar ratio 1 : 50 and incubated the mixture at 37°C for 1 h. Then the mixture was supplemented with boiled tap water to give a lysenin concentration of 40 μg/mL (experimental solution).
We divided 12 Bufo larvae at the middle gill-bud stage (stage 26) into three groups of four larvae : group 1 was immersed in lysenin (40 μg/mL); group 2 was immersed in lysenin (40 μg/mL) that had been incubated with SM-liposomes; and group 3 was immersed in an experimental solution prepared without lysenin. The experiment was performed at 17°C. Larvae in group 1 began to slough off their epidermis within 2 min of immersion in the solution of lysenin and they died within 2 h. Larvae in groups 2 and 3 did not lose any epidermal cells (Fig. 10) and they remained alive until observations were terminated after 2 h.
The findings from liposome experiments 1 and 2 suggest that SM might be involved in the epidermal exfoliation and the disruption of adhesion between epidermal cells that are induced by lysenin.
Induction of defecation by CF and lysenin in Bufo larvae
During our exfoliation experiments, we noticed that CF and lysenin stimulated defecation by Bufo larvae at early stages. These stages coincided with the food-intake period (stages 33 to 42) of the larvae. Therefore, in the following experiments, we used mainly larvae at stage 36 (Table 1) . Each experiment was performed in 2 mL of an experimental or control solution at 20 to 22°C.
At a concentration of 0.1% CF, defecation, in terms of the visually assessed amount of feces, by four larvae over the course of 3 h was similar to that by four control larvae. In 0.3% CF, four larvae excreted more feces than did the four control larvae over the course of 3 h. The difference became clearly visible about 40 min after start of the experiment. In 0.5% CF, four larvae excreted more feces than four control larvae at stage 36 and the difference was obvious within 30 min and very marked within 3 h. In 1.0% CF, defecation was induced in four or five larvae each at stages 33, 36, 37, 39, 41 and 42, but not in larvae at stages 32 and 43 (Table 1 ). In 1.2% CF, the results were similar to those obtained in 0.5% CF (Fig. 11) .
Lysenin (10 μg/mL) also stimulated defecation by six larvae at the operculum-completion stage (stage 34). In these experiments, none of the larvae exposed to lysenin exhibited any exfoliation within 1 h and these larvae, at stages 34 to 36, had progressed beyond the exfoliation period. It seems likely that defecation and exfoliation were independent effects of CF and lysenin. We also noticed, during these experiments, that CF rendered tadpoles slender and shrunk their tails, and these observations suggested that CF might have stimulated metamorphic changes in the tadpoles at these developmental stages.
DISCUSSION
Stage-dependent exfoliation of the epidermis in response to CF and lysenin in amphibian larvae
Before hatching, the exfoliative effects of CF were rather mild; after hatching, the induction of exfoliation by CF was immediate, heavy and the results were conspicuous. We postulate that the vitelline membrane might have protected embryos from the effects of CF prior to hatching, perhaps by interfering with access of CF to epidermal cells. The vitelline membrane was not broken by CF, probably due to lack of SM, the target molecule of lysenin in CF. Alternatively, the membrane strongly enriched with glycolipids could escape from the action of CF, since an inhibitory role for glycolipids in the bind- ing of lysenin to SM has recently been demonstrated (7) . It is likely that the mild and heavy exfoliation might have been induced by a similar mechanism, perhaps via disturbance by CF of the mechanism by which cells adhere to each other both before and after hatching.
Exfoliation of larval epidermal cells in response to CF and lysenin seemed to be a phenomenon common to the toad, salamander, newt and frog, but the sensitivity of the epidermis to CF appears likely to differ among species and also among larvae of each species at different stages. However, a heavyexfoliation period seems to be common to larvae of a variety of amphibians.
Most larvae treated with CF and lysenin in the above-mentioned experiments died within several hours, perhaps as a result of cytolysis of the remaining body cells after exfoliation of the epidermal cells. It is known that lysenin induces cytolysis by the formation of water-permeable pores in the cell membrane and such pores can be lethal (29, 30) .
Failure to induce exfoliation by CF and lysenin in Bufo larvae beyond stage 34
Heavy exfoliation of the epidermis was not induced by CF and lysenin in larvae beyond stage 34. It seems likely that the mechanism of adhesion between epidermal cells changes chemically around stage 34. In larvae at around stage 34, two major developmental events occur that might inhibit exfoliation: the formation of a collagen layer beneath the epidermal basement membrane and the intake of food (Table 1 ). In larvae of Bufo at around stage 28, a layer of collagen started to form beneath the basement membrane. As the layer became thicker in larvae at around stage 34, CF and lysenin no longer induced exfoliation. It is likely that the failure of CF and lysenin to induce heavy exfoliation after stage 34 is related to the formation of this collagen layer. However, we do not know how or whether the new collagen layer might be involved in the changes (see below) of adhesion mechanisms in larvae at around stage 34.
Food intake started around stage 33 in Bufo larvae. The failure of CF and lysenin to induce exfoliation after stage 34 might be related to the start of food intake by larvae around at stage 33, although we do not know how and whether the intake of food might be involved in the chemical changes of adhesion mechanisms (see below) in larvae at around stage 34.
Even though the larvae of Bufo at stage 34 had developed a new layer of collagen in the subepithelial layer, the larvae at stage 34 had not yet developed basal cells nor had they developed a layer of connective tissue between the basement membrane and the collagen layer, which seems to be required for further metamorphic changes of the skin (26, 28, 31) . Therefore, the exfoliation induced by CF and lysenin in larvae prior to stage 34 might not be directly related to metamorphic changes in the larval skin.
The mechanism of induction of exfoliation in larvae prior to stage 34 and that of failure to induce exfoliation in larvae after stage 34 by CF and lysenin in Bufo Upon immersion of Xenopus larvae in modified Barths' solution that contained trypan blue and lysenin, epidermal cells were immediately shed and, for the most part, the shed cells were not stained by trypan blue. Thus, the epidermal cells remained alive and had not been killed prior to exfoliation. It seems likely that lysenin acted to disrupt the adhesion between epidermal cells, with resultant exfolia- tion, without killing the cells. This hypothesis also applies to the other amphibian larvae examined.
Incubation of CF and lysenin with SM-liposomes weakened or destroyed their exfoliative activity, suggesting that SM might be involved in the mechanism of exfoliation in response to CF and lysenin. However, we do not know how SM is involved in the adhesion between epidermal cells.
After the exfoliation period in Bufo, the mechanism by which epidermal cells adhere to one another seemed to change chemically since CF and lysenin no longer induced the exfoliation. After stage 34, SM might have been lost from the epidermis or levels of certain glycolipids might have increased in the cytoplasmic membrane of epidermal cells. It is known that glycolipids prevent the access of lysenin to SM (7). Kaltenbach et al. (9) examined histochemically changes in glycoconjugates in larval skin at various developmental stages of the bullfrog. The earliest stage they examined was stage V (27) , which is equivalent to stage 36 (the stage after the exfoliation period) in Bufo, as judged from the morphological characteristics of the hind-limb bud. It will be of interest to determine how glycoconjugates are distributed in the skin of larvae just before stage V in the bullfrog, when the nature of the adhesion between epidermal cells appears to change. There have been numerous similar studies of changes in glycoconjugates in the skin of larvae of the frog (see refs 6 and 9), but the developmental stages examined were not clearly specified. Therefore, we cannot discuss the changes in glycoconjugates in so far as they might relate to the changes in exfoliation observed in Bufo larvae at around stage 34.
Comparison of the exfoliative activities of CF and lysenin
In larvae at the middle to late gill-bud stages (stages 26 to 27), the minimum effective doses for induction of exfoliation were 0.025% for CF and 1.25 μg/ mL for lysenin. Since one ml of CF used in our experiments appeared to contain 290 μg of lysenin, as determined in an assay with rat aorta (23), 0.025% CF was equivalent to approximately 0.07 μg/mL lysenin. However, a concentration of 1.25 μg/mL lysenin, which was 18 times higher than expected, was required for induction of exfoliation in larvae at the same stage (stages 26 to 27). This discrepancy suggests that CF might contain some other compound or compounds that also have exfoliative activity and are approximately 18 times stronger in this regard than lysenin. The CF of Eisenia foetida contains fetidins (17, 18) and eiseniapore (15, 16) . Since these compounds are reported to bind SM, it is possible that they also contribute to exfoliation through binding to SM. It is also possible that a protease (10, 20) in the CF might be partly responsible for exfoliation. Thus, it is likely that lysenin in CF contributed slightly more than 5% of the total exfoliative activity of CF. However, it should be noted here that the relative activity of CF that is due to lysenin can vary, depending on the biological assay that is used to compare the activities of CF and lysenin.
Exfoliation and defecation in response to CF and lysenin Defecation was induced by CF and lysenin in Bufo larvae only during the food-intake period (stages 33 to 42). This period starts around the end of the exfoliation period (stage 34), suggesting that the exfoliation and the defecation induced by CF and lysenin might be independent phenomena. During the food-intake period, CF and lysenin might reach and stimulate the larval intestine, with resultant defecation, since it is known that CF and lysenin induce contraction of smooth muscles in some other tissues (13) .
The effects of CF and lysenin suggest that these reagents should be useful tools in efforts to examine mechanisms of adhesion of epidermal cells in amphibian larvae.
